
^^^^^ 



(12) INTERNATIONAI^lfPLICATION PUBLISHED UNDER THE PATENT CTJBPERATION TREATY (PCT) 



(19) World InteUectual Property 
Organization 
International Bureau 

(43) International Publication Date 
8 April 2004 (08.04.2004) 




PCT 



(10) International Publication Number 

wo 2004/029006 A2 



(51) International Patent ClassificaUon'^: 



C07B 59/00 



(21) International Application Number: 

PCT/GB2003/004026 

(22) International Filing Date: 

18 September 2003 (18.09.2003) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

0222426.9 27 September 2002 (27.09.2002) GB 

(71) Applicant {for all designated States except US)i HAM- 
MERSMITH IMANET LTD, [GB/GB]; Cyclotron Build- 
ing, Hammersmith Campus, DuCane Road, London W12 
ONN (GB). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): BRADY, Frank 
[GB/GB]; Hanmiersmith Imanet Ltd, Cyclotron Building, 
Hammersmith Campus, DuCane Road, linden W12 
ONN (GB). LUTHRA, Sajinder [GB/GB]; Hammersmith 
Imanet Ltd, Cyclotron Building, Hammersmith Campus, 
DuCane Road, London W12 ONN (GB). ZHAO, Yongjun 
[CN/GB]; Hammersmith Imanet Ltd, Cyclotron Building, 



Hammersmith Campus, DuCane Road, London W12 ONN 
(GB). 

(74) Agent: HAMMETT, Audrey, Grace, Campb; Amer- 
sham pic, Amersham Place, Little Chalfont, Bucking- 
hamshire HP7 9NA (GB). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, EG, ES, H, GB, GD, GE, 
GH, GM, HR, HU. ID, IL, IN, IS, JP, KE, KG, KP, KR. 
KZ, LC, LK, LR, LS, LT. LU, LV, MA, MD, MG, MK, 
MN. MW, MX, MZ, NI, NO, NZ, OM, PG. PH, PL, PT, 
RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, 
TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, H, FR, GB, GR, HU, IE, IT, LU, MC. NL, PT, RO, 
SE, SI, SK. TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



^ (54) HUe: CHEMICAL PROCESS 
SO 



ON 



X-(CH2)n-F 



0) 



I 

R"-Si-(CH2)„- 
I 



(") 



XY 



(III) 



(57) Abstract: The invention provides a process for preparation of a fluorohaloalkane, preferably an [^^F]fluorohaloalkane of for- 
mula (I) wherein X is halo and n is an integer of from I to 6; which comprises: reaction of the corresponding organosilicon compound 

Q of formula (II): wherein n is as defined for the compound of formula (I); and R*, R", and R"' are independently selected firom Ci^ 
alkyl and Ci.6 haloalkyl; and R' * may alternatively be the group: with a compound of formula (HI): wherein X is as defined for the 

1^ compound of formula (I) and Y is halo. Intermediates having use in such processes are also claimed. 
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CHEMICAL PROCESS 



The present invention relates to a process for the preparation of fluorohaloalkane 
5 compounds such as f °F]bromofluoromethane. [^°F|Fluorohaloalkanes are 
important reagents for perfomning 0-. N-, and S-[^®F]fluoroalkylations and are 
commonly used to radiolabel radioligands for use in positron emission tomography 
(PET) studies. 

10 [^^F]Fluorohaloalkanes have previously been prepared by nucleophiiic 
displacement, by f ®F]F, of a leaving group from a suitable precursor compound. 
Thus, for example Zhang et al. Applied Radiation and Isotopes 57. 335-342 
(2002), describes synthesis of [^®F]fluoroethyl bromide by nucleophiiic 
displacement of 2-trifluoromethanesulphonyloxy ethylbromide with [^*F]F and 

15 Seung-Jun et al Applied Radiation and Isotopes (1 999), 51 , 293-7 describes an 
analogous synthesis of 3-f ®F]fluoropropylbromide. A similar method is described 
in Comagic ef a/ Applied Radiation and Isotopes (2002), 56, 847-851 wherein 2- 
bromo-1-[^®F]f?uoroethane is prepared by nucleophiiic displacement of 1,2- 
dibromoethane with [^®F]F. 



In view of the importance of [ F]Fluorohaloalkanes as radiolabelling reagents, 
there exists the need for synthetic 'methods for their preparation In good 
radiochemical yield and in which isolation of the product Is more readily 
achievable. Furthennore, there is also a need for such synthetic methods which 
25 are amenable to automation. 

Therefore, according to the present invention, there is provided a process for 
preparation of a fluorohaloalkane of fomnula (I) 



20 



30 



X-(CH2)„-F 



0) 



wherein X is halo and n Is an integer of from 1 to 6; which comprises: 



-1- 



m • 
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reaction of the corresponding organosilicon compound of formula (II): 



R' 
I 

R"-Si-(CH2)n-F (II) 
I 



wherein n is as defined for the compound of formula (I); and 
10 R', R", and R"* are independently selected from alkyi and haloalkyi; and 
R" may altematively be the group: 



9 

with a compound of formula (III): 
15 XY (III) 

wherein X is as defined for the compound of formula (I) and Y is halo. 



In a preferred aspect of the invention, the fluorohaloalkane of formula (I) is a 
20 [^^F]fluorohaloalkane. Therefore, according to a further aspect of the present 
invention, there is provkJed a process for preparation of a [^^Fjfluorohaloalkane of 
formula (la) 



25 



X— (CH2)n-'^F (la) 



wherein X is halo and n is an integer of from 1 to 6; which comprises: 
reaction of the corresponding organosilicon compound of formula (I la): 

R' 

30 R"— SI— (CH2)n— F (lla) 

I 

R- 



35 



wherein n is as defined for the compound of formula (la); and 

R', R", and R'" are independently selected from alkyI and haloalkyi; and 

-2- 
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R" may alternatively be the group: 



With a compound of formula (111): 

5 XY (III) 

wherein X is as defined for the compound of formula (la) and Y is halo. 

Examples of formula (I) which may be prepared using the present process, include 
1 0 fluorobrompmethane, fluoroiodomethane, fiuorobromoethane, fiuoroiodoethane, 
fluorobromopropane, and fluoroiodopropane, each of which is suitably prepared in 
[^^F3-labelled form. 

The reaction of a compound of formula (ll)or (Ila) with a compound of formula (III) 
15 may be performed in the presence of a catalyst, suitably a tetra (Ci.6 alkyl) 
ammonium salt, such as a tetra (Ci^ alkyl) ammonium fluoride salt, for example 
tetrabutylammonium fluoride or tetraethylammonium fluoride; and in a suitable 
solvent for example acetonitrile or an alcohol such as methanol or ethanol at 
elevated temperature, for example 50*^0 to 150**C, suitably 70*^C to 120^*0. 

20 

The resulting compound of formula (I) or (la) may be isolated from the reaction 
mixture, for example, by distillation followed by chromatography, suitably gas or 
liquid chromatography. In a preferred isolation metinod, the crude reaction mixture 
is distilled and the distillate is then passed under a stream of inert gas, such as 
25 helium, through a temperature controlled GC column packed with silica gel. 

The resulting compound of formula (I) or (la) may also be converted to a 
corresponding fluoroalkylsulphonyl ester of formula (V) or (Va) respectively: 

30 R^SOz-O— (CH2)n— F (V) 

R^S02-0 — (CH2)n— ^^F (Va) 
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10 



15 



20 



25 



wherein n is as defined fortiie compound of formula (I) or (la), and is selected 
from alkyi (for example, methyl), Ci-6 perfluoroalkyi (for example, 

trifluoromethyl), aryl (for example, phenyl), tolyl (for example, para-tolyl), 
perfluoroaryl (for example, perfluorophenyl), and perfluorotolyl (for example, 
perfluoro para-tolyl). Thus, for example a [^®F]fIuorohaloalkyl compound of 
fomiula (la) may be converted to a [^°F]fluoroalkyltosylate of fonnula (Va) such as 
["FJfluoromethyltosylate. Fluoroalkylsulphonyl esters of fomiulae(V) and (Va) are 
also useful as fluoroalkylating agents. 

Conversion of a compound of formula (I) or (la) to a compound of formula (V) or 
(Va) respectively, may be effected by reaction with the appropriate sulphonic acid 
of fomiula R^S020H or a salt thereof, such as a silver salt. Depending on the 
particular compound to be prepared, this conversion may be perfonned in solution 
phase, or in gaseous phase, for example by methods analogous to those 
described by Iwata et al. Applied Radiation and Isotopes, 57 (2002), 347-352. 

The resulting compound of fonnula (I) or (la), or a con-esponding compound of 
fomnula (V) or (Va) as described above, may be used In the preparation of a 
fluoroalkyi ligand or radiotracer, for example a [^®F]fluoroalkylated radioligand or 
f ®F]-radiotracer suitable for use In a PET study. Examples of [^^FJfluoroalkylated 
radioligands and f ®F]-radlotracers which may be prepared using the compounds 
of fonnula (la) or (Va) Include 2-(1 ,1-dlcyanopropen-2-yl)-6-(2-[^^F]-fluoroCi^alkyl)- 
methylamino)naphthalene (for example, 2-(1,1-dicyanopropen-2-yl)-6-(2-f®F|- 
fluoroethyl)-methylamino)naphthalene, FDDNP), 3-(2'- 

[^°F]fluoroCi.6alkyl)spiperone (for example 3-(2'-[^°F]fluoroethyl)spiperone), r®F][2- 
fluoroCi^alkoxy-5-(5-trifluoromethyl-tetra2ol-1-yl)-benzyl]-([2S,3S]-2-phenyl- 
piperidin-3-yl)-amine (for example, [^°F][2-fluoromethoxy-5-(5-trifluoromethyl- 
tetrazol-1-yl)-benzyl]-([2S,3S]-2-phenyl-piperidin-3-yl)-amine), 2-beta- 
carbomethoxy-3-beta-(4-iodophenyl)-8-(3-(^®F]fluoroCi^alkyl)-nortropane (for 
example, 2-beta-carbomethoxy-3-beta-(4-lodophenyl)-8-(3-f®F]fluoropropyl)- 
nortropane, [^®F]fluoroCi.6alkyIflumazenil (for example, ["F]fluoroethylflumazenil), 
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[ F]fluoroCi^alkyl-chol[ne (for example, [ F]fluoromethyl-choline or 
[^®F]fluoroethyl-choline), 0-2[^^F]fluoroalkyl tyrosine (for example O- 
2[^®F]fluoroethyl tyrosine or 0-2[^®F|fluoropropyl tyrosine), and 1-amino-3-f ®F|- 
fluoroalkylcyclobutane-1-carboxylic acid (for example, 1-amino-3-[^^F]- 
5 fluoromethylcyclobutane-1 -carboxylic acid, (FMACBC)). Other [''^F]fluoroaIkylated 
radioligands and [^®F]-radiotracers which may be prepared using the compounds 
of formula (la) or (Va) include f ®F]-ben2yl derivatives. 



In the compounds of formulae (I), (la), (II), and (lla), n Is preferably 1 , 2, or 3 such 
10 that the fluorohaloalkane prepared In the process is a fluorohalomethane, 
fluorohaloethane, or fluorohalopropane. 

Throughout the specification, the term "halo" means fluoro, chloro, iodo, or bromo. 

15 In the compounds of formulae (I), (la), and (III), X is halo, and is preferably bromo 
or iodo. 



In the compounds of formula (111), Y is halo, preferably bromo or iodo, and is 
preferably the same as X, such that the compound of formula (III) Is preferably Btz 
20 or la- 



in the compounds of formula (II) and (lla). R', R", and R"' are suitably selected 
from Ci^alkyl and Ci^haloalkyl, more suitably Ci^alkyl and Ci^haloalkyl, for 
example methyl, ethyl, propyl, and isopropyl, typically methyl. 

25 

Where R" is the group: 




the "Solid Support" may be any suitable material which is insoluble in any solvents 
to be used In the process but to which the Tinker^ and/or compound of formula (II) 
30 or (lla) can be covalently bound. Examples of suitable solid support include 
polymers such as polystyrene (which may be block grafted, for example, with 
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polyethylene glycol), polyacrylamide, and polypropylene or glass or silicon suitably 
coated with such a polymer. The solid support may be in the form of small discrete 
particles such as beads or pins, or as a coating on the inner surface of a cartridge 
or on a microfabricated vessel; and 

5 

the "Linker" may be any suitable organic group which serves to space the reactive 
site sufftciently from the solid support structure so as to maximise reactivity. 
Suitably, the Linker comprises an organic group of from 1 to 12 carbon atoms and 
from 0 to 6 heteroatoms selected from oxygen, nitrogen, and sulphur. Examples 
10 of such linkers are well known to those skilled in the art of solid-phase chemistry, 
but include phenyl(Ci.6aikyl) and phenyl. 

Certain of the compounds of formula (II) and (lla) are novel and thus form a 
separate aspect of the invention. 

15 

Accordingly, there is provided a compound of formula (II): 

R' 
I 

R"— Si— (CH2)n— F (II) 
20 I 

wherein n is an integer of from 1 to 6; and 

R' and R'" are independently selected from alkyi and Ci^ haloalkyi; and 
25 R" is the group: 




/iSdId 
VSupport 



Further, there is provided a compound of formula (lla): 



30 R* 

R"_Si— (CH2)n— ®F (lla) 



35 



I 

R" 
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wherein n is an integer of from 1 to 6; and 

R', R", and R"* are independently selected from alkyi and haloalkyi; and 
R" may alternatively be the group: 




Compounds of formula (II) or (I la) may be prepared from the corresponding 
compound of formula (IV): 



10 R' 

I 

R"— Si— (CH2)n— L (IV) 
I 

R"' 

15 

wherein n, R', R", and R™ are as defined for the compound of fomnula (II) or (lla) 
and L is a leaving group; 



by reaction with a source of F , preferably ^^F ", suitably an alkali metal fluoride 
20 salt such as Na^¥. K^^F, or Cs*^F, tetraalkylammonium ^®F fluoride, or 
tetraalkylphosphonium ""^F fluoride.; 

in the presence of a phase transfer catalyst, suitably 1 8-crown-6 or a cryptand 
such as Kryptofix 2.2.2.. Kryptofix 2.2.2B., Kryptofix 2.2.1. (ail available from 
Aldrich). The reaction may be performed in a suitable solvent such as acetonitrile 
25 and at elevated temperature, suitably SCC to lOCC, 



The leaving group, L, in the compound of formula (IV) is suitably a sulphonyl ester 
group i.e. -0S02R^ wherein R^ is selected ftom alkyI (for example, methyl), 
Ci.6 perfluoroalkyi (for example, trifluoromethyl), aryl (for example, phenyl), tolyl 
30 (for example, para-tolyl), perfluoroaryl (for example, perfluorophenyl), and 
perfluorotolyl (for example, perfluoro para-tolyl). 

Certain of the compounds of fonnula (IV) are novel, and therefore according to a 
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further aspect of the invention there is provided a compound of formula (IV): 



R' 

I 

5 R"_si— (CH2)„— L (IV) 

I 

R"' 

wherein n is an integer of from 1 to 6; 
10 R', R", and R"' are independently selected from alkyi and Ci^ haloalkyi; and 
R" may alternatively be the group: 




L is a group -0S02R^ wherein R^ is selected from alkyI, perfluoroalkyl, 
aryl, perfluoroaryl, tolyl, and perfluorotoiyl; 
15 provided that: 

(a) when R" is alkyI or haloalkyi, n is not 1 ; and 

(b) when R" is Ci^ alkyI or haloalkyi and n is 2 to 6, L is not -OSO2CH3 or 
-0S02(pa/a>methyl)phenyi. 

20 Compounds of formula (IV) in which R" is the group 


are a particularly useful class of intermediates and thus form a separate aspect of 
the invention. 



25 Compounds of fonnula (IV) are either commercially available (for example, from 
Aldrich), or a readily prepared from commercially available starting materials using 
methods available to the person skilled In the art. in one suitable method, the 
compound of formula (IV) Is prepared by reaction of the corresponding azide with 
the appropriate sulphonic acid or a salt thereof, for example using methods 

30 analogous to those described in Al-Busafi et al. Tetrahedron Letters, Sg, 12 
(1998). 



-8- 



# 



wo 2004/029006 ^pPCT/GB2003/004026 

The invention will now be illustrated by way of the following Example. 
Example 

Preparation of r^^Rfluorobromomethane 

5 

Trimethylsllylmethyl trifluoromethanesulphonate (Aldrich) (5mg) in acetonitrile 
(1ml) was added to fully dried ^^FVKryptofix 2.2.2 complex prepared by standani 
methods, for example as described in Hammacher et al, J. Nuclear Medicine, 27, 
235-8 (1986). The mixture was heated at 75" C for 5 minutes. 
10 Tetrabutylammonium fluoride (1 6mg) in acetonitrile (0.5ml) and bromine (8mg) in 
methanol (0.5ml) were added to the reaction mixture. The reaction vessel was 
then sealed and heated at 1 lO'C for 3 to 4 minutes. 

f ®l=]fluorobromomethane produced was then distilled from the vessel at the same 
1 5 temperature. The distillate containing f ^F|fluorobromomethane was passed under 
a stream of helium through a temperature controlled GC column (7.8 x 80 mm) 
packed with silica gel (70 to 270 mesh, Aldrich). The output from the GC column 
was examined by a radioactive detector and the fraction with a retention time 
identical to that of authentic bromofluoromethane was directed to a cooled 
2 0 trapping vial containing a suitable solvent. Suitable solvents include acetonitrile, 
N,N-dimethyIfomiamide, dimethylsulphoxide, tetrahydrofuran, acetone, acetic acid, 
and chlorobenzene. Other finactions were vented to waste. The overall 
radiochemical yield for f ®F]fIuorobromomethane from f ®l=]fluoride was 55-70% 
and the total time for the preparation was approximately 45 minutes from the end 
25 of radionuclide production. 
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Claims 



5 



10 



20 



1 . A process for preparation of a fluorohaloaikane of formula (I) 

X-(CH2)n— F (I) 

wherein X is halo and n is an integer of from 1 to 6; which comprises: 
reaction of the corresponding oiganosilicon compound of formula (II): 



R' 

I 

R"-Si-(CH2)„-F (11) 
I 

15 R"' 

wherein n is as defined for the compound of formula (I); and 

R', R", and R"' are independently selected from alkyi and Ci^ haloalkyl; and 

R" may alternatively be the group: 




/Solid 
VSupport/ 



Linkerf 



with a compound of formula (III): 

XY (III) 

25 wherein X is as defined for the compound of formula (I) and Y is halo. 

2. A process according to claim 1 for preparation of a [^^F]fluorohaloalkane of 
formula (la) 

30 X— (CHaX,— "F (la) 

wherein X is halo and n Is an integer of from 1 to 6; which comprises: 
reaction of the corresponding organosilicon compound of formula (I la): 
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R' 

R"— SI— (CH2)n— 

I 



(Ila) 



10 



wherein n is as defined fortlie compound of formula (la); and 

R', R", and R'" are Independently selected from alkyi and haloalkyi; and 

R" may alternatively be the group: 




fsond 

VSupportV 



Linkefj - 



with a compound of fomnula (III): 



XY (III) 

15 wherein X is as defined for the compound of fonmula (la) and Y is halo. 



3. A process according to claim 1 or 2 which comprises the further step: 



(i) isolation of the compound of fonnula (I) or (la); and/or 
20 (ii) conversion of the compound of formula (I) or (la) to a corresponding 
fluoroallQrIsulphonyi ester of fomnula (V) or (Va) respectively: 

R^SOa-O— (CH2)n— F (V) 
R^SOa-O — (CH2)n— (Va) 

25 

wherein n is as defined for the compound of formula (I) or (la), and R^ is selected 
from alkyI, perfluoroalkyi, aryl, tolyl, perfluoroaryl, and perfluorotolyl. 

4. A process according to any one of claims 1 to 3 which comprises the further 
30 step: 

(i) use of the resulting compound of formula (I) or (la) in the preparation of a 
fluoroalkyi ligand or radiotracer, such as a [^^F]fluoroalkylated radioligand or ["F]- 
radiotracer. 
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5. A process according to claim 4 wlierein the radioligand or radiotracer prepared 
is selected from: 

2- (1 , 1 -dicyanopropen-2-yl)-6-(2-[^°F]-fluoroCi^alkyl)-methylamino)naphthalene, 

3- (2'-[^°F|fluoroCi^allcyl)splperone, 

[^®F][2-fluoroCi^alkoxy-5-(5-trifluoromettiyl-tetrazol-1-yl)-benzylH[2S,3S]-2-plienyl- 
piperidin-3-yl)-amine. 

2-beta-carbomethoxy-3-beta-(4-iodoplienyl)-8-(3-[^®F]fluoroCi^alkyl)-nortropane, 

f ^F]fluoroCi^alkylfiumazenll, and 

[^®F]fluoroCi^alkyl-choline. 

6. A process according to claim 4 or 5 wherein the [^^F|fiuoroallcylated radioligand 
prepared is selected from: 

2- (1,1-dicyanopropen-2-yI)-6-(2-[^®F|-fIuoroethyl)-methylamino)naphthalene, 

3- (2'-[^®F]fluoroethyl)spiperone. 

[^°F][2-fluoromethoxy-5-(5-trifluoromethyl-tetrazol-1-yl)-benzyl]-([2S,3S]-2-phenyl- 
piperidin-3-yl)-amine), 

2-beta-carbomethoxy-3-beta-(4-iodophenyl)-8-(3-f®f=]fIuoropropyl)-nortropane, 

I^^Flfluoroethylflumazenil), 

[^®F]fluoromethyl-choline, and 

[^^Flfluoroethyl-choline). 

7. A process for the preparation of a compound of formula (11) or (lla) as defined in 
claim 1 or 2 which comprises reaction of a compound of formula (IV): 

R' 
I 

R"— Si— (CH2)n— L (IV) 
I 

R'" 

wherein n, R', R", and R'" are as defined for the compound of fomriula (II) or (lla), 
and L is a leaving group; 
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with a source of F , preferably In the presence of a phase transfer catalyst. 

8. A compound of formula (II): 

R' 

R"-Si-(CH2)n— F (II) 
I 

10 wherein n is an integer of from 1 to 6; and 

R* and R'" are independently selected from alkyi and Ci-e haloalkyi; and 
R" is the group: 




/Solid 
VSuppory 



Unkerl 



15 9. A compound of formula (lla): 

R' 

R"— SI— (CH2)n— V (lla) 

20 I 

R'" 

wherein n is an integer of from 1 to 6; and 

R', R", and R"' are independently selected from Ci-6 alkyl and Ci-e haloalkyi; and 
25 R" may altematively be the group: 




/SoKd 
ISupporty 



Linked 



30 
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R"— Si— (CH2)n— L 



(IV) 



tm 



wherein n Is an integer of from 1 to 6; 
10 R', R", and R'" are Independently selected from alky! and haloalkyi; and 
R" may alternatively be the group: 



L Is a group -0S02R^ wherein R^ Is selected from Ci^ alkyi, perfluoroalkyi, 
aryl, perfluoroaryl, tolyl, and perfluorotolyl; 
15 provided that 

(a) when R" is alkyI or haloalkyi, n is not 1; and 

(b) when R" is alkyI or haloalkyi and n is 2 to 6, L is not -OSO2CH3 or 
-0S02(para-methyl)phenyl. 
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